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[57] ABSTRACT 
A portion of a colorimetric liquid analyzer including a 
glass tube cell, a plunger mounted for reciprocation in 
the cell and having a passage to the cell, and a long 
liquid sample supply tube running from a body of liquid 
to be tested to the plunger passage. A “T” connector is 
provided in the tube and a pair of on-off valves which, 
together with the plunger, act to pump ?xed volumes of 
?uid into and out of the cell. Means are provided to 
pump substantial air bubbles into the tube near its intake 
end, and the air bubbles are separated from the liquid 
through a vertical section of the T-connector so that 
only liquid is pumped into the cell. Preferably, acid is 
also added to the tube at its intake end to help dissolve 
particulate matter while the air bubbles continuously 
sweep the tube clean. 

7 Claims, Drawing Figure 
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METHOD AND APPARATUS FOR SAMPLING 
. IMPURE WATER _ g . 

This invention relates generally to automatic analy 
zers and more particularly concerns a method and appa-? } 
ratus for drawing measured samples of impureywater 
into an analyzer. .1 - 

Analyzers for continuously monitoring watertreat 
ment systems have been well known. Typically, such 
instruments sample the water being monitored by taking 
discreet volumes, adding measured quantites of appro 
priate reagents for the tests being made, and reading the 
results colorimetrically with the information being dis? 
played on a meter, fed to a continuous recorder orcou 
pled to a high-low alarm device. The aim of such instru 
ments is to reliably monitor-for long periods of time on 
an automatic, no-operator attention, basis.v 
When sampling impure water such as sludge or sew 

age, it is dif?cult to keep the sample intake line un 
clogged and hence able to reliably deliver water to the 
analyzer. Even after ?ltering, impurities tend to coat 
and build up on the inner walls of sample intake tubing, 
thus creating a constant maintenance problem. 
Another dif?culty with colorimetric anaylzers is the 

effect of gas bubbles in the liquid sample upon the pho 
toelectric system. Even a few minute gas bubbles will 
seriously distort the reading of a sensitive instrument. 
When cold impure water is being sampled, it is usually 
supersaturated and air bubbles tend to grow in the sam 
ple stream as it moves to and through the analyzer. 

It is therefore an object of the invention to provide a 
method and apparatus for sampling impure water that 
keeps the sample intake line clear and open for long 
periods of operation. A collateral object is to provide 
such a method and apparatus that avoids adverse affects 
of air or other gas bubbles in the system. 
Another object is to provide an apparatus as charac 

terized above that is simple in design and thus economi 
cal to manufacture and maintain. 
Other objects and advantages of the invention will 

become apparent upon reading the following detailed 
description, and upon reference to the drawing, in 
which: ' 

The FIGURE is a schematic, fragmentary and par 
tially sectioned analyzer embodying the invention. 
While the invention will be described in connection 

with a preferred embodiment, it will be understood that 
we do not intend to limit the invention to that embodi 
ment. On the contrary, we intend to cover all altema 
tives, modi?cations and equivalents as may be included 
within the spirit and scope of the invention as de?ned 
by the appended claims. 
Turning to the drawing, there is shown a portion of a 

continuous, automatic colorimetric liquid analyzer 10 
including a glass tube 11 de?ning a colorimetric cell 12 
through which passes a light beam 13 from a lamp 14 to 
a photoelectric cell 15. A plunger 17 ?ts snugly in the 
tube 11 and is mounted for reciprocation from approxi 
mately the position illustrated, preferably establishing a 
cell 12 volume of 1.0 ml., to a position where the 
plunger 17 substantially ?lls the cell 12 and is in light 
contact with a supporting base 18. 
The plunger 17 de?nes a passage 19 to the cell 12, and 

a liquid sample supply tube 21 extends from the passage 
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19 down into a body of liquid to be tested suggested by ' 
the arrow 22. Typically, in a plant treating sewage or 
sludge, the tube 21 could be 20 or 30 feet in length 

2 2' 
leading, from the-‘settling tank for example, up to a 
suitable control .and recording room. An analyzer of 
this kind is morecompletely dislosed in US. Pat. No. 
3,953,136, issued Apr. 27, 1976, and assigned to the 
assignee of the present invention. . _ 

In carrying. out the-invention, a T-connector 25 is 
interposed intheftube 21>and de?nes a section 26 ex 
tending vertically from the tube 21, and a pair of on-off 
valves'27 and 28are positioned to selectively close and 
thus block the'section 26 and to selectively close and 
thus block the tube 21 between the connector ‘25 and the 
body of. ?uid being tested. The plunger 17 and the 
valves '27-, 28 comprise a pump when they are properly 
sequenced by’the analyzer 10. With the plunger’ 17 
.movedto completely ?ll the cell l2,"the valve 28 is 
closed and the valve 27 is opened, whereupon move 
ment of the plunger 17 to the position illustrated draws 
a ?xed volume of ?uid through the valve 27 into the cell 
12. The valve 28 is then opened and the valve 27 ‘closed, 
and thus return movement of the plunger 17 expels the 
liquid from the cell 12 and wipes the walls of the cell 
tube 11 clean, readying the analyzer to draw in another 
sample. The expelled liquid moves through the then 
opened valve 28 and, as shown in the application re-_ 
ferred to above, the valve 28 may direct the water sam 
ple to reagent adding pumps and a second colorimetric 
cell. ~ 

.In accordance with the invention, a pump 30 periodi 
cally injects substantial air bubbles 31 into the tube 21 
through a branch line 32 adjacent the supply tube end 
that is in the body of liquid to be tested. In the case 
mentioned where the plunger 17 draws 1.0 ml. of water 
into the cell 12 per stroke, air bubbles of about 0.2 ml. 
per stroke in a tube 21 whose internal diameter is ap 
proximately l/l6 to l inch are sufficiently substantial to 
perform as intended. It has been found that such air 
bubbles 31 continuously sweep the tube 21 clean, 
thereby preventing any build-up of solid material even 
when the water portion of sewage or sludge is being 
tested. Preferably, a second pump 35 is utilized to add, 
through the line 32, small amounts of acid to the liquid 
samples moving along the tube 21. The acid helps dis 
solve particulate matter which might be carried in the 
water to be tested. ' 

As previously mentioned, it is highly undesirable to 
allow a bubble to enter, or to form in, the cell 12 since 
such bubbles erratically affect light transmittance. In 
the analyzer 10, the air bubbles injected into the line 21, 
together with whatever additional bubbles are formed 
as a result of drawing in and warming cold supersatu 
rated water, move up to and collect at the top section 26 
of the T-connector 25. The plunger 17 draws only liq 
uid, without air bubbles, from the lower portion of the 
connector and, on the plunger stroke expelling liquid 
from the cell 12, the expelled liquid ?ushes the air bub 
bles from the connector through the section 26 and the 
valve 28. 
What therefore appear to be the incongruities of add 

ing air bubbles to a system where air bubbles are to be 
avoided, and of desiring to draw in a ?xed volume of 
liquid from a line in which large air bubbles are added, 
are resolved by the action at the T-connector 25. The 
cleaning action of the air bubbles 31 in the tube 21 is 
retained, while the air and liquid are separated in the 
connector 25 close to the cell 12. Preferably, a screen or 
?lter is also provided at the intake end of the tube 21. 
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Those familiar with this art will appreciate that the 
system described is quite simple in design and thus 
economial to manufacture and maintain. 
We claim as our invention: 
1. In a liquid analyzer having a colorimetric cell and 

a pump for pulling liquid into said cell and expelling 
liquid from the cell, the combination comprising, a 
liquid sample supply tube running from a body of liquid 
to be tested to said pump, means for injecting substantial 
air bubbles into said tube adjacent the tube end in said 
body of liquid, and a T-conector in said tube near the 
tube end at said pump, said connector having a verti 
cally extending section for collecting gas bubbles and a 
lower section connected to said pump for supplying 
liquid without bubbles to said pump and receiving liquid 
from said pump for ejection of said gas bubbles from 
said T-connector. 

2. The combination of claim 1 including means for 
injecting small charges of acid into said tube along with 
said air bubbles to help dissolve particulate matter in 
said liquid. 

3. The combination of claim 1 in which said tube is 
approximately 1/16 to i inches in internal diameter and 
said air bubbles are approximately 0.2 ml. in volume. 

4. In a liquid analyzer, the combination comprising, a 
glass tube de?ning a colorimetric cell, a plunger 
mounted for reciprocation in said tube and containing a 
passage to said cell, a liquid sample supply tube running 
from a body of liquid to be tested to said plunger pas 
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4 
sage, a T-connector in said tube having a section ex 
tending vertically from the tube, a pair of on-off valves 
for respectively closing said tube between the connec 
tor and the body of liquid and said vertically extending 
section, said plunger and said valves thus comprising a 
pump for pulling a ?xed volume of liquid into the cell 
through said T-connector section from said body of 
liquid and expelling the liquid from the cell through said 
Tyconnector section, and means for injecting substantial 
air bubbles into said tube adjacent the tube end in said 
body of liquid so that the spaced bubbles along the tube 

‘ continuously sweep the tube clean. 
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5. The combination of claim 4 including means for ‘ 
injecting small charges of acid into said tube along with 
said air bubbles to help dissolve particulate matter in 
said liquid. 

6. The method of sweeping clean the liquid sample 
supply tube of an automatic analyzer comprising, in 
combination, the steps of injecting substantial air bub 
bles at the intake end of said tube, separating by gravity 
the air bubbles from the liquid at a point near the analy 
zer, drawing liquid samples for analysis from the liquid 
after air-liquid separation, and expelling the liquid sam 
ple after analysis through the air-liquid separation re 
gion so as to ?ush out accumulating air bubbles. 

7. The method of claim 6 including the step of adding 
small charges of acid at the intake end of said tube to 
help dissolve particulate matter in said liquid. 
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